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EXECUTIVE SUMMARY

A. BACKGROUND. Within the defense market, It is difficult to isolate,

identify and quantify the impact of competition on acquisition costs.
Traditionaiiy, a 25% reduction is expected, but there is no emlpiricai
support for such expectation. Actually the Department of Defense has
no firm basis for deciding when to introduce competition or even if
competition should be introduced. When the value of competition cannot
be measured with a reasonable degree of confidence, defense of budgetary
estimates and the development of a good acquisition strategy is exceedingly
difficult, if not impossible.

B. STUDY OBJECTIVES. The objectives of this study are to:
(i) develop a methodology to estimate the net savings achieved due tocompetition, (ii) further develop the methodology to forecast the net

savings expected fromt introducing competition into the procurement of
future major weapon systems, (III) furnish an organized data basis to
support the net savings methodologies.

C. STUDY APPROACH. The approach taken to achieve these objectives
includes a thorougfh investigation of the procurement histories of sixteen
items which were originally produced on a sole source basis and were later
competed, the identification and analysis of factors explaining savings
due to competition, and the synthesis of these factors into workable
meth epologies.

D. SU•IARY AND CONCLUSIONS. The savings achieved by introducing competitioninto thi production-of wea-pons systems can be reasonably estimated. Of the
sixteen items analyzed, five showed a loss due to competition. Savings forthe sixteen items averaged 10.8 percent. The forecasted savings methodology

(FSM), which was developed from the analysis of the sixteen systems, is a
useful tool which provides an estimate of the expected savings, or loss,
from introducing competition as well as an analysis of the qualitative
factors influencing competition. A test of the FSM should be conducted.
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CHAPTER I

INTRODUCTION

A. BACKGROUND.

Within the defense market, it is difficult to isolate, identify,

and quantify the impact of com~petition on acquisition costs. Tradition-

ally, a 25% reduction is expected, but there is no empirical support for

such expectation, Actually the Department of Defense has no firm basis

for deciding when to introduce competition or even if competiticn should

be introduced. When the value of competition cannot be measured with a

reasonable aegree of confidence, defense of budgetary estimates and the

development of a good acquisition strategy is exceedingly difficult, if

not intpossible.IThis report is an unclassified compiltion of the work of the Army

Procurement Re.earch Office in the area of competitioh. It i0corporates

Smateedal from a study by Tecolote Research. Inc., details of which a-e not

- hire included. 1

U. sTuDY OBJECTIVES.

The objectives of this study were;

I. Develop a methodolug to estimam the net savings achieved due to
:-.-I competi tion.

Further develop the methodology to forecast the net savings expected
r I

from introduci-w comwttitiw into the procurement of future weapn bystfts.

A. J. Kluge and R. R. Liebermann, OAnalysis of Competitive ProcuremetsH
Tic:olote Research, Inc., 5566 Hollister Ave., Santa Baebara, California 93111
T9-93. August 1978. ,FOUO)
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13. Furnish an organized Oata base to support the not savings meth-

I odol ogies.

The net savings methodologies were developed for application on

I mi~ssle and electronics systemns in general. Included in the fotvcasted

I savings mothodoIDW~ is 06f c)iteria that must be Riot before efforts

should be made to introduce conpetition into 0e~ acquisition of a

specific system.

C. DEFINITIONS.

CO~NTRACT PRICE OR PRICE: the cost of an item to the Coverninont.

It include-s all costs to produce the item, both direct. and indirect,

I Plus profit.

COST: the total exptenses incurred in order to produco an item.

both direct costs and dn approprio.to share of indirect costs.
DIRECT COST-- arty cost that is specifically identiflvd with aJ ~parti~cular final tost objective.

INDIRECT COST OR OVERHEAD: any cost not directly i d,-tifled with

Itwu or more final cost objectives or with at least tine into rivcd iato
Co'st objective.

N 'INIL-RECURRING COSTS- one-tima costs such as initial production

faci)itiea. special deceptance an~d inspection equilx*.itt, and other

~st~rt-u 6 cotsrquired to p-oduce ýsn itein.

I RLCURRIIG COtJS: those costs, excluding non-ruturrin4 costs.

swcossary for pruductior' of an item. Ka-iufacturlng labor costs anid

-the cost of Materials conisuftd ill production Of tho it"m are exmples.

ARECURRING~ PRICE: recurrintg cost. includinj G&A. plus profit.



1 SCOPE

The analysis In this report is based on a total of sixtrer systems/items,

ten of which were studied by APRO . The remailnlng six items were stuted by

Tecolote Reseqrch, inc., (TRI), and are described Iin detail in their report

m I TM-93, "Analysis of Competitive Procurements." While the data froom TRI's

I ( report are used in this report, the detailed analysis of the Individual items

will not be repeated. The distribution of items is recapitulated below.

ORGANIZATION SYSTEM/ITEM ANALYZED

APRO TOW Missile• l TOW La.uncher

DRAGON Round
DRAGON Tracker
SHILLELAGH Missile
FAAR Radar
FAAR TADDS
PRC-77 Radio
ARC-131 Radio
UPI4-98 Test Set

TRIt SHRIKE Missile
SIBEWINDIXR Missiles

A0AIM-9B GCG
AIM-9D/GGCG

Standard Missile
BULLP1P AGM-128 Missile
MARK 46 Torpiedo

2'4 Ibid.

1tz-



I

I E.STUDY APPROAC AND RESEARC METHODS.

The appropch employed to accomplish the above objectives began with

,,�.. ttr•oh -~:4c- ., .,ixteen Items which were originally produced

on a sGZ 5OU.UZ ' and were later coupeted. This included searching

Lhrough contract filzs, cost reports, progress briefin(,s, technical data

packages, pertinent studies and other related informatijn. the investigation

j also included interviews with available Government personnel who were know-

led'jeable of the circumstances surr-ounding major milestones and decision

points throughout the procurement history. Contractor personnel were

interviewed to define the business and financial environm•ents at the time

of competition. Financial reports, audit reports, and pre-award surveys

...re also reviewed, when available, to assist in this area. A comprehensive

search for competition related literature was made of sources within the:1 Federal Government, and the business and academic coammunities.

Factors explaining the actual net savings due to competition were

identified and analyzed for the extent of influence. Those quantifiable

-i were isolated and used to develop the estimated and forecasted net saviny•

methodologies. They were also recorded and retaine(d as part of the

supporting data base. Those influencing factors that were not as easily

quantifiable were likýewise recorded and retained as part of the data base

and were also analyzed as to how their influence could be included in the

not savings forecasting lethodology.

The estimated savings .uthodo!ogvy Is hesed upon a simple cost estimating

analysis model using cowunly accepted accounting procedures. Net savings

4



are calculated by determining the pertinent cost factors and raking

idjustments for inflation and learning. The forecasted savings methodology

is considerably mere complex since it incl udes an analysis of bth qualita-

tive and quantitative factors.

The methodology for forecasting net savings incorporates a ;,.-resion

model to forecast the unlit price of the system after the fl .-,.r.petitive

award. Afiditional quantifiable factors, including those Mi the estimated

savings methodology, are incorporated to develop the coilete set of factors

for determining expected net savings from competition. The net sav'ngs

figure tOat results frcm this forecasting iodel is complemented by an analysis

of the qt~alitative factors by having expert procurement personnel weigh't them
relative t. one another and assign subjective scores on a scalar basis which

results in a "competition index". This index is then compareld with otherI
systems similarly analyzed but already competed to determine if the qualitat~ve

I factors encourage competition.

The services of Richard A. Scott. Ph.D., CPA, Associate Drofessor of

Accounting. Virginia Ccuonwealth University. and James R. Marchan•, Ph.D.,

Assistant Professor of Economics. Virginia Cannonwealth University, wert

utilized in the literature search.

F. METkIDOLOGY ASSUMPIUONS.

A few assumptl, n were rtecessarily made during the development of the
i istmatei savings netho.ology tnd the forecasted savings methodo)Oko. TOY.

were necsiary tc d•-velop general methodologtes that were relatively simple

-.-



to apply and yet produced reliable results considering the quality of

existing data bases and the cost analysis state-of-the art. If the

information available on other weapons systems under study is such that

different assumptions &re warranted, the methodologies should be adjusted

accordingly. They are meant to be general guidelines, not an inflexible

set of rules. Additional assumptions were made during t~he application of

the methodologies because of the circumstances in the systems being reviewed.

These assumptions are described as they occur throughout the report.

6



CHAPTER II

ESTIMATED S4VINGS METHODOLOGY

A. INTRODUCTION.

It is important to know how much money was saved due to competition

for two reasons. One reason is to determine if the investment in engendering

coompetition has beenm recouped. The second reason is the need to build a

good data base on which to base future decisions regarding competition.

While it is virtually impossible to determine exactly what savings were

achieved due to compet-tion, the savings can be estimated with a reasonable

degree of accuracy. The methodology contained in this chapter is basically

an accounting model with savings debits and savings credits. In addition

to hardware costs, it takes into consideration non-recurring and start-up

costs, learning, inflation, and discounting.

Ideally, the procurement of the system under study should be completed.

This allows one to determine total quantities procured and actual costs, or

prices paid, rather than estimated quantities and estimated costs or prices.

The methodology does not address Gevernment administrative costs dile to

competition. These costs should be taken into consideration in each analysis.

Some of the possible Gover-tent administrative costs are incurred in the

following areas:

1. Preaward Phase.

a. Preparation of solicitation.

b. Preparation of additional copies of TD'.

c. Evaluation of offers.

£7

14 iK



----- ----- _ _ _ _ _ _ _

d. Negotiation cost5.

e. Preparation of an additional contract.

f. Additional audit and preaward survey costs.

g. Dual Should Cost studies.

2. Post Award Phase.

a. Extra testing costs.

b. Contract administration costs.

c. TDY to two contractors.

d. Two sets of software reports.

d. ESTIMATED SAVINGS METHODOLOGY.

The methodology developed to provide an estimate of savirgs achieved

is summarized by the flow chart in Figure 2-1. The steps are structured

as general guidelines and are not an inflexible set of rules. If the

i J circumstances of a weaponts system under study require different assumptions

to produce realistic results, the methodology should be adjusted accordingly.

The analyst's good judgment should certainly take precedence.

There are seven basic steps to complete the methodology. These are

described in detail as follows.

STEP 1. Colc vial otadqett aa

From basic contractual instruments and cost reports. collect

the fol lowing types of data.

1: a. Contractors.

b, Contract numbers.

c. Fiscal years of awards.

f8



FIGURE 2-1 FLOW CHART OF ESTI1lATED
SAVINGS METHIODOLOGY
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d. Initial hardware unit prices, option prices and total
contract prices,

e. Quantities procured.

f. Non-hardware and non-recurring costs which are included
in the unit price; e.9.,

Ai) data cos*;s.

tii) facilities costs.

(iii) Special Acceptance and Inspection Equipment (SAIE) costs.

0iv) start-up costs.

(v) Systems Engineering and Project Management costs.

STEP 2. Adjust Data for Contractual Changes.

From contract modifications and engineering changes, dethrmine

changes in input data such as:

a. Fiscal year of any change in quantity.

b. Amount of new quantity (increase/decrease).

c. Any change in unit price or option price.

d. Reason(s) for change in ur-it price.
e. Hardware modifications which significantly altered

the Item from that which was competed,

An attempt should be made to keep the hardware substantially

the same throughout the analysis by adjusting the unit costs and prices

to reflect major changes. This is done to minimize the effect of these

hardware char.ges on the coaletition savings.

I 0
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STEP 3. Determilne Unit Lecurring Costs and Prices.

j ~Determ~ine basic unit recurring costs and prices by:

-1a. Excluding all non-hardware and non-recurr~ng costs] from the unit price;

Ib. Adding profit to unit recurring costs, which include
General and Administrative (Q&A) costs, to get unit
recurring prices;

c. Adjust unit costs and prices to a comm~on base year
to account for Inflation. Use actual escalation where
available; otherwise, use an approved commodity index.

STEP 4. Develop Cost-Improvement Curves.

Although the primary purpose of this step is to obtain an

j accurate sole source cost-improvement curve for projection purposes,

I cost-improvement curves should be constructed for each contractor for

comparison. Learning unit curve theory should be used in their construction.

Split-buy data points for the sole source contractor should be used with

ci~ution because of the potential influence of competition on these values.

If after a careful analysis they are used, supporting documentation should

be prepared. If other factors such as production rate changes or major

production breaks affect the sole source cost-improvement curve, adjustiuents

should be made accordingly. Also, if accurate prototype cost data is avail-

* able, and if the prototypes were manuifactured lin substantially the same
manner as the production lots. L.hey should be included in the sole source

curve construction.

¶ a. Calculate algebraic lot mid-pointi for available lots

* ~(monthly, quarterly. or yearly) for the total quar-tltei procured. Bewart of
3

problems with concurrent production.

For an analysis of this situation, see *Concurrent Production and the
Cost Data Problem: A Solution," Kluge. Arthur J. and Pillin.~ Donald L.. Oct 1975.
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b. For the pre-competition period, determine two cost-improvement

crves. One it for the sole source contractor using recurrtng price

oata points, and the second is for the second source contractor if there

was a second sourcs.

c. For the post-competition period, determine the cost-improvement

curve of the winning contractor using those contract price points commencing

with the buy-out competiticr.

d. On one logarithmic grid, plot the cost-improvement curves for

each of the three data sets for display purposes. Figure 2-2 illustrates

such a display.

STEP 5. Determine Savings Credits.

Determine total savings creeits in unit recurring prices by

comparing the estimated cost (EC) of not having competition with the

actual cost (AC) of the competition. EC is calcu~ated by projecting the

sole source cost-improveTant curve to cover total program requirements,

AC if calculated from the actual costs incurred by the V'overnment from

the comnpet'tion. All split-buy prices and quantities are included in

the following calculations.

a. Project the pre-competition sole source cost-improvement

curve to cover all procurement quantities except those included in the

curve's development and possibly the educationa, buy of the second source
4

contractor. If the educational units are solely for second source qualifi-

cation, which they usually are, and would not have been procured if competition

This projection in STEP Sa of the sole source conl.ractor's cost-iinprovement
curve assumes the sole source contractor would continue in a no competition
environment on the same learning curve established as a sole source producer.

13

~ .. - _ °~1



had not been introduced, the educational buy quantity should be excluded

from the- projection. Total procurement quantities should include all

concurrent requirements planned for In the DOD Budget and Foreign MilitAry

Sales (FM), but exclude follow-on buys solely for FMS. A ten percent fee

is assumed in the projection of the sole source courve.

b. From this projection and the actual recurring prices used to

develop the sole source cost-improvement curve, calculate EC (the total

estirated recurring price for the hardware if no competition had been

introduced) by multiplying the production quantities by the unit recurring
5

prices for all procurements and summing these products. Add any post-

competition non-recurring costs Incurred, commencing with the buy-out

competition, so that this no-competition total can be related to the

competition total.

c. Calculate the actual total recurring price for the hardware

before the buy-out competition (including any split-buy points) by adding

the individual recurring price totals of both contractors before buy-out

cupetition. These individtil prices are calculatea as described in S'EP Sb.

d. Projact the post competition cost-improvement curve of the

winning contractor's actual prices to also cover the future requirements if

the program is still active.

e. From this projection, calculate the actual total contract price

coiencing with the buy-out competition by multiplying the procurement

quantities by respective unit prices and suming as in STEP 5b.

The sole source contractor's ilon,-ecurring costs are excluded from considera-
tion in this methodology si".e they would have been incurred whether or not
competition was introduced, and they do not affect the net savings calculation
in STEP 7.

14



f. Calculate AC by adding the totals tn STEPS 5c and Se.

Subtra:t AC from EC in STEP S to detemine the hardware savings credit

due to competition.

STEP 6. Determ.ine Savings Debits.

Determine total savIngs debIts by adding those costs 'incrred

by the Government solely because of competition. Savings debits can result

from many different circumstances and should be charged as good judgment

dictates. An example of one such debit is the unrecouped progress payments

paid to a contractor who goes bankrupt while attempting to produce the item.

The more common debits are as follows:

a. Determine the non-hardware and non-recurring prices for

the second source by subtracting the total hardware recurring price from

the total contract price which includes all costs and quantities (including

split-buy contracts).

b. Determine any contractual support prices paid to th ,

source contractor for sL;port of the second source contractor.

c. Determine any additionai costs due to program stretch-

out to devlop a second s.oirce.

STEP 7. Determine Net Effect of Competition.

a. Subtract the total saving! debits in STEP 6 from the total

savings credits in STEP S to determine the net savings.

I b. Comnpute the net savings percentage by dividing the difference

in STEP 7a by the estimated cost total in STEP 5h.



In addition to completing the above methodology, a review of the
post-competition cost improvement curve Should be made to detemine
the "tuytng-in" tendency of the winning contractor. A post-competition

slope greater than 1.00 indicates the possitllty of a buy-In. It a

significant trend is evident, or a large difference in beginning and
final unit price exists, the reasons should be determined.

4
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CHAPTER !I

ANALYSIS OF WEAPONS SYSTEMS

A. INTRODCT.ION.

This chapter presents en analysis of the items which were investigated

investigated by APRO. The first part of the analysis is a narrative

description of the system followed by the production history. The

estimated savings methodology (ESN) application is then presented

which provides both the dollar and percentage estimates of savings

achieved.

B. ANALYSIS OF SYSTEMS.

1. TOW.

a. Uster Desc.ription.

Taw is a heavy assault weapon designed primarily to destroy
enemy tanks, pill boxes, and armored vehicles. The missile is tube

launched. optically tracked and wit* guided. The system is manned by

a crew of four and is man-p•.-able when disassembled. TOW can be fired

from a tripod, from vehitles, and in the airborne mdel can be fired

from helicopters,

The system is composed of the missile, launcher, and ancilli4ry

equipownt. The three maJor components of the launcher are the optical sight,

t_# th ret-ersing unit. aad Ue Mis:1e guidance set. Ancillary equrtAent

includes a battapy clha'",er. vehicle mounting kits, a&M traiaing, equipinmc.

1l
I2,
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b. Production R*A2U

The first production contract, DAA8Ol-68-C.Z141, for the TOW

missile system was awarded to Hughes Aircraft (M~C), the system developer,

by letter contract in June 1968. This was a Fixed-Price-Incentive (FPI)

contract with incentives on coA~, delivery (negative only), and perforinance.

21 ~Und..P this Lontract, TOW mnissiles, 10W launchers, and ancilliary Items

were procured.

The seccid source contractor for the TOW missile was chosen by

standard source selection procedures: Chrysler Corporation was selected over

Philco-Ford and Varo. Chry~sler was awarded contract OAAHOI-69-C-0928 in

January 1969. It. was a Firm-Fixed-Price (FFP) contract for an educational

buy of missiles with options for additional quantities.

In December 1969 and in January 1971. NAC was awarded FFP contracts

for the three major conupionents of the launcher. Contract DAAH01-70-C-0318

called for various qcantities of Missile Guidance Sets. Optical Sights, and

21 Traversing Units. Contract OAMii1-7l1-C-0339 was for delivery of the same

quantities of each of the three compw.ents. In April 1971, FFP TOW missile

production contracts were awarded to NAC (DAAk4Ol-71-C-0994) andi Chrysler

(DAAHOl-171-C-0995). These contracts were thie resilt of split competition

between AAC anid Chrysler. As the winning contractor, RAC rece~ived the

liar~er qIuanltity.

The KAC and. Chrysler competition for the "buy-out" quantity

resulted in MAC beiny awar-ded a Fixed Price Economic Price Adjustment (FPEP4)

2 ~contract (UAWk4I-72-C-0416) In Nhvvwber 1971. A second competition between

KAC and Chryfler resulted In the award of an FPEPA contract (tiAAH1-75-C-0626)

I to KAC. in Febt-uary 1975.



In 1972 the three *or components of the TOW launcher were

openly competed; no educattonal quantity was Included. As a )esult,

Emerson Electric Company was awarded a FPEPA contract (DAAAO1-72-C-061 1)

in March 1972. The launcher conponents were again competed, this time

with competition limited to HAC and Emerson. Fmerson was awarded contract

DAAHO1-75-C-0628 in February 1975. Both contracts were multi -year contracts.

c. ESM Applicatijn.

(i) :nPut Data Caveat. As discussed in the estimated savings

methodology, two sources of input data were used for the TOW savings calculations.

One source was the productic. contracts for the prime and second source. These

TOW missile contracts are DAAMOI-68-C-2141. DAAHOI-71-C-0Y4, OAAH1O-72-C-0418,

and DAAHO1-75-C.-0626 with Hughes Aircraft Corporation anc DAIAOl-69-C-0928

and DAAHOI-7l-C-o995 for Chrysler Corporation. Thki TOW launcher contracts

for Hughes Aircraft Corporation are OAAHOI-68-C-214l, DOMH01-70-C-0318 and

DAAHOl-71-C-0339, and tUAAkOI-72-C-0611 and OAUOI-75-C-0623 for Em~rsou

Electric Company.

Generally, contract prices alone should not be used to

-, develop learning curves since they usually include non-recurring or start-up

(costs which increase frst unit cost which norlly produces a steeper learning

curve and overstates unit recurrirte, prices. If non-recurring costs can be

isolated from contract prices, or if non-recurrinj costs are negligible,

then contract price data would be acceptable, but it is difficult and some-

"tims iupossible to identify these costs. The only clue availabl'e to isolate
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unit recurring prices from the TOW data is the incluFlon in some

solicitations and contracts of a clause regardin, option prices

substantially as follows.

The Contractor agrees not to include in the
price for option quantities any costs of a
startup or nonrecurring nature, which costs
have been fully provided for in the unit
prices of tk firm FY 75 quantities, and
further agrees that the prices offered for
option quantities will reflect only those
recurring costs, and a reasonable profit
thereon, which are necessary to furnish the
additional option quantities. 6

Contract data does give reliable production quantity figures, although it

usually requires considerable effort to trdck them through the many contract

modifications that are prevalent in a major weapons system.

The second source of input data for the TOW savings calculations

is the quarterly cost reports prepared and submitted by the contractors.

The first few reports on the TOW missile and launcher were submitted on

DD Forms 1177, Cost Incurred on Contract, and the remaining reports were

submittLd on DD Forms 1737, Procurement Information Functional Cost-Hour

Report, and 1738, Procurement Information: Progress Curve Report, which

replaced the DD Form 1177. This form change complicated cost identification

since the cost and quantity data usually did not track from the predecessor

set to the successor set. In some instances the cost reporting requirement

was cancelled altogether which resulted in gaps in the data base.

MICOM Solicitation Number DA.AHOI-75-R-0205.
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The one serious problem evident from a thorough review of the

available TOW cost reports is that they do not provide aL good an indicator

of contractor learning as intended. There are many reasons for this. First,

there appears to be a definition problem in distinguishing between non-

recurring cost and recurring cost. Different con tractors choose to report

them differently. Second, the timing of the costs incurred and reported

by the contractor do not correlate to the production quantities delivered

and reported. Therefore, there is little or no correlation between the

0D Form •737 and DD Forte 1738 submitted together each quarter, and both

forms as structured are needed to develop valid cost-improvement curves.

Third, the quantities reported in the cost reports do not always agree

with the quantities procured in the production contracts. Fourth, the

assumptions required to adjust the available cost data so it is useable

can result in fitting the data to a preconceived mold. Fifth, there Is

always the problem of accuracy and reliability of the contractors in pre-

paring the reports.

Notwithstanding these shortcomings in the cost report data

which detract from the confldence in the resulting calculations for the TOW

system, It is subitted that the estimates presented here represent the

most reliable estimates available for the current data base.

(0i0 TOW Missile Results. A substantial portion of TOW missile

cost is in material and subcontract co~t which does not experience the same

rate of learning as the manufacturing and assembly effort of the sole source

prime contrdcto'-. As reported on the TOW missile cost reports, tha mi'10,'ial

21
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and subcontract cost portion of the total unit cost Is 35% during the first

production lot and 87% during the last production lot before the split

competition. After adjusting the reported data for some learning, the mate-

rial and subcontract portion Is roughly 70: of the unit cost during the last

lot before competition. The TOW Should Cost Study shows the proposed material

and subcontract cost to be 59% of the total for the split competition. 7

These percentages show two things: (1) the material and subcontract portion

of the TOW missile cost is substantial, and (2) the various data sources do

not substantiate one another as to what the exact percentage is:

Ibecause the material and subcontract portion Is substantial,

two separate cost projections were made in STEPS 4 and 5 to estimate savings

more reilistically. One projection was for the sole source prime contractor's

manufacturing effort, the second was for the material and subcontract cost.

The missile price fndices given in Appendix A were used to adjust the cost

data for inflation for all missile system studied. Also, the first unit

for the TOW missile cost.-improvement curve development was assumed to be the

first production unit. Sixty-six prototype TOW missiles were excluded.

This assumption was also made for the TOW launcher calculations in which

fifteen prototypes were excluded.

The unadjusted material and subcontract costs reported by the

sole source prime contractor are roughly constant which would result in a

flat lerntng curve. Since it is known that some learning is actually

TOW Missile Should Cost Analysis, Hughes Team Re ort. US Armiy Missile
Comand, Redstone Arsenal, Alaban 35809. 18 Jan 197 - 15 Mar 1971.
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experienced by the subcontractor, the raw cost data should be adjusted

to more reasonably reflect realttf, but the available data sources do

not provide much assistance.

Herein lies the major problem in estimating the savings from

competition for the TOW misstle. The amount of learning experienced is

dependent upon many factors including who the subcontracts are, which

components are subcontracted, and the laoor/material mix. The rate of

learning varies on a case-by-case basis. Considerable effort would be

required to obtain subcontractor learning curve data on all of the TOW

subcontractors, even if such data exists. This forces one to assume a

reasonable learning rate, thereby assuming a corresponding savings since

a substantial portion of the costs are affected.

Figure 3-1 summarizes the results of applying the estimated

savings methodology using various learning rates and illustrates the

sensitivity of the savings estimate to the assumed learning rate for the

material and subcontract cost. A comparison of the total projected unit

price of $3,680 using the 95% rate with the $3,797 actual contract unit

price for the split buy favors a 95% assumption, but the projected material

and subcontract cost of $2,688.does not agree with the $2,113 figure from

the TOW Missile Should Cost Study. Judging from historical learning rates

and the resultant savings values themselves, the 95% learning rate appears

conservative, and the 85% rate appears liberal. Additionally, it is doubtful

that the sole source prime contractor could sustain a steep 76% learning

23
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rate throughout tho TOW production effort. The true percent of savings

lies somewhere In the range defined by the two extremes in Figure 3-1.

With no additional infomation available, the best estimate 4 s the mid-

point, or 90%, which results in an 8.5% savings estimate.

For comparison purposes, Figure 3-1 also shows the resulting

savings estimate If no separation or distinction is made between prime and

subcontract costs. This is the procedure comi~only followed in major weapon

system cost studies.

(Mii) TOW Missile Calculations. Using an assumed 90% cost-

improvement curve for material and subcontract cost, a savings estimate of

8.5% and $61.3 M results for the TOW missile. Portions of the TOW missile

calculations are classified so it is not presented here.

(iv) TOW Launcher Results. The cost reports available for the

TOW launcher allowed, withi some adjustmenti, the development of cost-improve-

,.wnt curves for the three major launcher components; i.e., optical sight,

missile guidance set, and traversing unit.

Exercising the estimated savings methodology with this data

resultb in a savings estimate of 30.2% or $83.64 for the TOW launcher.

Portions of the TOW launcher calculations are classified !o it is not

Presefited here. A major portion of the savings can be attributed to the

Guverioent not incurring an expense to educate a seco.N source. The launcher

complexijt, TOP quality, and potential irequirements were such that an

experienced, capable contractor could bid competitively if willing to accept

a reasonable risk.
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2. DRAWON.

a. 4tmDescr ip. Ion.

The DRAGON is a commnnd-,to-line-of--sgkt guided missile system.

Fired by one man from a recoilless launcher, the missile is tracked optically

and is guided automatically to the target by electrical impulses transmitted

via a wire command link. It is used primarily in an anti-tank role. The

weapon consists of two major components - a round and a tracker.

The round consists of the launcher and the missile. Fhe launcher

serves the dual purpose of being the handling and carrying container for the

missile, as well as providing the initial propulsion force for missile launch.

The DRAGON tracker consists of the optical sight, the firing mechanism, an

IR sensor and a control signals comparator. Ancillary equipment for the

DRAGON system includes training equipment ano a test set.

b. Production History.

On 2 October 1967 a letter contract was awarded to the DRAGON

system devele•er, McDonnell Douglas Astronautics Corporation (.iCDAC), to

conduct a Production Engineering Program, with subsequent production and

delivery of system hardware, ancillary items, and engineering services to

support the DRAGON Weapon System. The contract was definitized on 28 June

1968 in the amount of $13.2 million for Advance Production Engineering.

This portion of the contract was awarded on a Cost-Plus-Award-Fee basis.

Subsequent production engineering arid hardware proviaed under this contract

4 were established on a Fixed-Price-Incentito.-Fee basis.

Four years of production buys wc;re awarded. Systems hardware

26
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procured under this contract were;

Guided Missile and Launcher, Surface Attack, Heat M2;2

Guided Missile and Launcher, Surface Attack, Inert, M223

Tracker, Infrared, Guided Missile, SU-36

A second source was authorized on both the round and the tracker,

to develop a competitive position on each through the use of educational

production contracts. The contract for a second source on the DRAGON round

was awarded to Raytheon Company on 20 Septemiber 1972 on a FHrn-Fixed-Price

basis for a small educational quantity with options for additional quantities.

The contract for a second source on the DRAGON Tracker was awarded to

Kollsman Instrument Company on 23 March 1973, on a Finn-Fixed-Price basis,

again for a small educational quantity with full production options.

Both the DRAGON Round and T,¢ker were authorized for a partial

conpetition phase. Dtoal award coule, be made on elther a 60/40 or 50/50

percent split of the total FY 75 and/or FY 76 requirLents. Awards were to

be made on the basis of the lowest evaluated price to the Government. MCDAC

won both aspects of ihe partial competition over Raytheon and Kollsman. The

follow-on options were exercised on both winning and losing contracts. This

resulted in MCDAC having two 60% production awa,'ds for rounds and two 60%

awards for trackers. The losers in this phase (Raytheon on rounds and

Kollsmtan on trackers) each received two 40% production awards - one each

for the original contract and the option - nn their respective iteins. Both

MCDAC contracts were awarded on a Finii-Fixed Price basis. Koilswan's contract
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was also Firm-Fixed-Price, and Raytheon's contract was awarded Fixed-

Price Incentive.

The final buy-out contracts on a winner take all basis were

awarded Fixed-Price with Economic Price Adjustment with Raytheon winning

for the round and Kollsman winning tracker competition, both over MCDAC.

Both contracts were for the FY 7T, FY 77, and FY 78 Program Years and

allowance for options in each of those years, plus add-on options for

FY 79 and FY 80.

c. ESM Application.
(i) Input Data Caveat. The production contracts with McDonnel

Douglas Astronautics Company (MCDAC) for both the DRAGON round and tracker

are DAAHO1-68-C-0282, DAAHOI-76-C-0022, and DAAHOI-76-C-0024. Raytheon's

contracts for the round are DAAHOI-73-C-0189, DAAHOl-76-C-0025 and DAAHOI-76-

C-1271. Kollsinan Instrument Company's contracts for the tracker are

DAAH01-73-C-07•i8, DAAHOl-76-C-0023, and DAAHOl-76-C-1272.

In addition to the DRAGON contract data, quarterly cost

reports were reviewed in an attempt to establish realistic cost-improvement

curves. The first few reports were submitted on DO Formn 1177, followed by

DD Forn 1737 and 1738. The remaining reports were submitted on DO Form 1921-1,

Functional Cost Hour Report, and 1921-2, Progress Curve Report, which were

used to replace DO Forms 1737 and 1738 respectively.

Unfortunately, the DRAGON cost reports, like the TOW cost

reports, do not provide a good indicator of contractor learning. The
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reporting requirement was dropped for some production lots, and those

reports that were requested and submitted have little use regarding

learnlng. The folowing warning was given in a cover letter accompanying

early reports.

"Caution should be exercised in the utilization of
data reported on the inclosed DO Form 1177's, since
the basis for entries does not necessarily conform
with the instructions on the reverse side of the
form, but rather to implementation agreements betweenthe contractor and MICOM."8

The DRGON cost reports have the same shortcomings discussed

in the TOW section, only to a greater degree. There is little correlation

between the DD Form 1737 and 1738 or DO Form 1921-1 and corresponding 1921i3

even though submitted together at times. Cost report quantities and
contract quantities do not always agree. Too many major assumptions would

be required to use what data is available. Therefore. the DRAGON cost reports

I were not used to develop cost-improvement curves.

The source of cost data that was used is the *DRAGON Baseline
9

I Cost Estimate." This study verified the DRAGON round learnino rate of 85%
that was developed in an earlier stu4y and offered an updated estimate of an

• , • 1 0

831 rate for the tracker. The earlier curves were developed by government

Versonr el visiting the sole source contractor's plant, reviewing cost and

Letter to AMCPP-X from AMSMI-IOAO, Subject. Subject Reports AAO01-67-C
104 and OAAHOI68,,C-O212, dated 1968.

9
"DRAGON Baseline Cost Estimate." US Army Missile Cojmand, Redstone

Arsenal, Alabama 35809. Appendix C, 9 May 1975.
10

"Reassessment of DRAGON Engineering Cost Estimates." US Army Missile
Cozand, Redstone Arsenal, Alabama 35809. Updated December 1972.
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accounting records, and intervi.ewing contractor personnel. It appears to

be the bhst learning curve eOtttAte and data source available for DRAGON.

(ii] DRAGON Round Results. Like the TOW missile, a substantial

portion of the DRAGON round unit cost is in material and subcontract costs.

These costs were 37% of the total recurring unit cost during the first
11

production lot and increased to 67% of lot six cost. Cumulative quantity

at that point was only 322 units. The DRAGON Baseline Cost Estimate (BCE)

did not separate these costs for projection purposes.

The estimated savings methodology was exercised fov, the DRAGON

round using data from all three of the previously discussed sources.

The calculations using this data resulted in an estimated

savings of 2.7% or $8.QM for the DRAGON round. Since the cost projections

based on the BCE data are substantiated by actual contract price data for

the precompetition period, this estimate appears reasonable and credible.

Portions of the DRAGON round calculations are classified so it is not

presented here.

(iii) DRAGON Tracker Results. Three data sources were used in an

attempt to develop savings estimates for the DRAGON tracker; cost reports,

contract data, and the BCE data.

The BCE study chose to stay with the original 87.7% learning

rate rather than the updated 83% rate because it was closer to historical

rates for electronics hardware. The 87.7% rate produced a 29% or $43M

savings estimate for the DRAGON tracker. The 83% rate produced a -8.5% or

$6M loss estimate. Neither rate could be substantiated by actual contract

•-• Ibid.
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prices; although tKe 83t rate provided projections closer to the contract

pricts. Ths best estimate of an 85% rate at roughly the mid-point produces

a 123 or $12.24 savings estimte. Portions of the DUAGO9N tracker calculations

are classified so it is not presented here.

3. Shillelaoh.

a. ýyste Lescritit on.

The SHILLELAGH Missile System is a direct fire, boost glide, line-of-

sight missile system. Missile tracking and command guidance Is accomplished

using Infrared links between tne missile and vehicle mounted guidance and

control (W)C) system. The breech-loaded, tank-mounted l52mm gun tube is

used for launching the missile. The mtissile is loaded, aimed and fired in

the same manner as conventional ammunition except that sighting with the

SHILLELAGP guidance system does not require an estimate of target lead or

gun elevation based on r-ange, target velocity, or windage.

The SHiLLELAGH Missile System as the primary armament of a tank/

vehicle is under the direct c:xuand of the Tank Coaumnder. It is employed

against all types of armored vehicles likely to be encountered on the,

battlhfield. It a)so has explosive effect against personnel an unarored

Wmterial, including field fortifications.

First deployment of tne SHILLELAGk w-s with• the Sheru;1n vehicle

in June 196".

b. P.-oduction Historv.

* The first SMILLELAGN production contract was awarded to the

"Shillelagh Fact Book." Anr, Missile Cocmnd. Redstone Arsenal
~Alb~m 3W9. 19194.
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system developer, Philco-Ford Aeronutronics Co., Newport Beach, California,
in November 1964. This contract, DA-O4-495-AMC-555(Z), was a Cost-Plus-

Incentive Fee (CFIF) contract under which 1,393 missiles were delivered.

The second scle source CPIF production contract, DA-01-021-AMC-13705(Z),

equired Phmlco-Ford to deliver 16,552 missiles. It was awarded in

December 1965. Philco-Ford's third sole source production contract, DAAHOl-

67-C-0002, was awarded in FY 67 on a Fixed Price Incentive (FPI) basis.

Under this contract 21,846 missiles were procured.

During approximately the same time frame as covtract DAAHO1-67-C-

0002, Martin-Marietta of Orlando, Florida, was developed as a second source

of SHILLELAGH missiles. Firm-Fixed Price (FFD) contract, UA-03-021-AMC-

14299(Z), required delivery of 4.960 missiles between FY 66 and April 1969.

Martin's second FFP production contract, DAAHOI-68-C-1020, required delivery
of 7.540 missiles between FY 68 and September 1969.

In July 1968, Philcu-•Fri was awardc.d the competitive FFP buy-out

contract. Under this contract (DWA01-69-C-0059), Philco-Ford delivered

35,103 missiles.

c. ESM Applicaton.

Contract prlie and quantity data for the SHILLELAGH MWIsile

were obtained frw the Shillelag.h Fact Book. The Fict Book also provided

extensive cost-i.mvageent curve data. Since thw curves in the Fact Book

were prepared from early M Form 1177 reports ard visits to the- contractor's

plant. it appared adequte to estAblish a sele source rate of learning

Shnzilelagh Fact Bwoi," Army R4issile Comnando itedstono Arsenal
Alabama 358309. 1974.
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for Shillelagh. Figure 3-2. shows the pertinent data and sole source

cost-improvement curve for Philto-Ford; Figure 3-3. gives the artin-

Marietta data.

Using this data to apply the ESM results in a savings ertimate

of 5.9% and $18.3M for Shillel~gh. The calculations are shown in Figure 3-4.

4. FAAR.

a. System Description.

The Forward Area Alerting Radar System (FAAR) was developed to

extend the capabilities fo the VULCAN/CHAPPARRAL Air Defense Artillery

Battalions by provlding target intelligence acquired by radar. The advantage

is that the weapc4ns operators can be constantly alerted to *he movement of

enemy aircraft within the combat zone. This can be accomplished for targets

at ranges in excess of those possible optically and in addition can be

a ichioved du.-iq periods of inclement weather.

The FAAR system provydes a highly mobile L-band search radar with

ftF capabiities. The radio frequency data link and the target alert data

Jisplay set )rov'de the means to integrate the radar with the air defense

artillery squadr-%ns. The .FR system includes radar set AN/MPQ-49, Target

IAleet Olt4 Display Set (TADOS) AN-GSQ-i37 and support equipment. The support

eqLuip1ent inc l$es radar test tet AN/MPH-57, radar test AN/MPM-59 ,nd

pr~oduction test e~juicWcVent.

The A•/I•.-49 is a campktely =bile, self-containid alerting

radar ciwtsed of radar set AN/TPQ-32. generator set Model S,1-5-tI. cargo

vehicle. mQpacemnt hArdware, ancillary c~niccations equipment &.:d

1 33
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FIGURE 3-4, Shillelagh ESM Calculations

Step 5b $ 106,311,700 P-F 17,945 units
+ 202,457,.600- Proj. 7P9_2? units

308,835,300 88,19

Stup 5c 106,377,700 P-F 17,945 units
+_A j36 .2900 P'-F split buy 21,846 units

'-4 13,20,60039,791

+ 432011l,700 M-M 12,500 units
Th,16,300

So5c + 73. 565ý200 P-F 35,903 units
Stcp S) 8'1 /UK 0O 88,194 units

Step 5f 308,,'353200
-289,781,F,00

-1 G,053d3 0 Savings Credits

Sli'p 6 746,ICO* Savings Ucbi ts

otL'p 7a 19,053,800
-746,100

$1830/,7UuNet Sa i nqs

SUc l 5.9%

*Technical assista~nce to Marti n-Mar .otta from Phi lco-Fol-d
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interconnecting cables. A modified trailer is used in this configuration

to transport the generator set, emplacement hardware And interconnecting

cables. The AN/MPQ-49 functions integrally with the VULCAN/CHAPARRAL

firing batteries and the AN/GCJQ-137 display set in order to engage enemy

aircraft in forward areas. The aircraft entering an area subject to

AN/MP(-49 radar surveillance is detected by the search radars and interrogated

by the IFF system. The target identify range, and azimuth bearing is
displayed for the radar operator to interpret. The radar operator can

transmit the target identity and location to the AN/GSQ-137 display set

dt the weapon site to alert the weapons operator to the target's approximate

location. One way voice communication is provided from the radar site to

the weapon site for verifying display set indications. The AN/GSQ-137 display

set indicator array is arranged in a matrix with seven columns and seven rows

giving a gridded pattern of 49 squares. Each square contains a friend

indicator and foe indicator. The display set as well as the radar is alined

to magnetic north. This orientation allowb ,oordination between radar and

weapons areas of surveillance and aids in target tracking.

b. Production History.

The Forward Area Alerting Radar (FAAR) was developed by Sanders

Associates, Inc., Nashua, New Hampshire. Th,-y were awarded the first

production contract, DAAHOI-69-C-0749, on 29 November 1968. This FPI

contract required delivery of TADDS and radar sets. After open competition,

Sperry Rand Corporation, Sperry Gyroscope Division, CGreat Neck, New York,

37
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was awarded contract DAAHOl-74-C-0779 on 13 May 1974. This FFP contract

requires delivery of ,-adar sets and TADDS. The contract resulted from

Request for Proposal (RFP) number DAAHOl-74-R-0276 under which offers were

received from Sanders, Frequency Engineering, Dynell Electronics and Sperry.

c. ESM Application.

(i) Input Data Caveat. Since only a few DD Forms 1921-1 and

no DD Forms 1921-2 were available from the Sanders FAAR production effort,

cost report data could not be used to develop the sole source cost-improvement

curve. An 88% learning rate appears valid based on contract file data and

correspondence from Sanders.

(ii) -AAR Results. The application of the ESM using this information

produced a savings estimate for the FAAR radar of 16.6% and $4.8M and 18.2%

and $2.0M for the FAAR TADDS. Portions of the FAAR radar and TADDS calcula-

tions are classified so it is not presented here.

5. AN/PRC-77.

a. st Descriptions.

Radio Set AN/PRC-77 is the successor version to the AN/PRC-25

Radio Set. It is a short range, dlanpack, transistorized, frequency modulated,

portable radio set in a watertight case, and provides radio conm'unications

between company and battalion-size combat and combat support units of the

field Army. In a manpack configuration, the radio set is capable of reliably

cominunicating over distances of up to three miles with a three foot antenna,

up to ten miles with a ten foot antenna, and when used with an amplifier,

38
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AM-4306, the distance is extended up to 20 miles. In d vehicular configuration,

the radio set is capable of communicating over distances of ten miles with a

ten foot antepna and with rmplifler AM-4306, up to 20 miles. Radio Set AN/PRC-77

weighs 35 pounds with an amplifier. With frequency synthesizer, the set is

capable of transmitting and receiving voice communications on any one of 920

preselected channels, tunable in 50 dKiz increments over the frequency range

of 20.00 to 75.95 MHz.

The chief elements of the AN/PRC-77 are the RT-841 ( )/ PRC-77,

two antennas, an antenna support, harness, storage bag, and handset. The

receiver-transmitter unit consists of a series of transistorized plug-in

printed circuit modules contained in individual metal housings.

b. Production History.

The production contract nistory of thL PRC-77 radio set is long and

complicated. Radio Corporation of America (RCA), Camden, New Jersey, was the

developer of the PRC-77, RCA's sole source production contract, DA-36-039-AMC-

10410(E), dated 29 June 1966, was an FPI contract which definitized two letter

contracts; DAAB05-67-C-0124 and FR-36-039-H6-32018(e). A total of 7,837 radio

sets were delivered under this contract. On 28 April 1968, RCA was awarded a

second sole source contract, OAABO5-61-C-Ol70. This FUP contract yielded

11,798 radios.

Invitation for Bid (IFB) OAABOS-68-B-0218 resulted in Electro.

space Corporation, Glen Cove, New York. receiving Flxad Price Econ~mic Price

Ad~u-tment (FFEPA) contract IAMBOS-68-C-0034. This four year. multi-year

contract experienced a two year delay in completion and Electrospace was

awarded $8800.000 in relief under Public Law 85-804. A total of 56.312

radio sets were procured under this Contract.

On Z9 January '970, Hamilton Uatc" CAny, Systws ODvision.
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Lancaster, PA., was awarded FFP contract DAABO5-70-C-4412. This contract,

which resulted from IFB DAABQ54Q.B-0430, was noyated to LTV Electro-

systems, Inc., lemcor Division (later to become E-S•ystems, Inc., Mwmcor

Division), Huntington, Indiana, on 22 Apr11 1971. Prior to the novation

agreement, Hamilton Watch Com~pany failed to deliver any production items.

E-Systems delivered 16,191 radios under this contract. However, they werE

over one year late in maklig final delivery.

Two awards were made under IFB DAA8O5-72-B-0012 in June 1973.

This IFB was for a three year, multi-year procurement of the AN/PRC-77 and

specified that 50% of the quantity was set aside pursuant to the Labor

Surplus Area Program. Sentinel Electronics, Inc., Philadelphia, PA., was

awarded the set aside portion. Cincinnati Electronics (CE) Corporation,

incinnati. Ohio, was awarded the non-set aside portion. Sentinel failed

to deliver a single production unit, and on 4 June 1976 they were terminated

for the convenience of the Government under PL 94-190, the Small Business

Emergency Relief Act. Sentinel is seeking a termination settlement in excess

of one million dollars. Sentinel's FPEPA contract, DAABO5-73-C-O011, called

for delivery of 16,655 units over three years.

C•'s FPEPA contract, DAABOS-73-C-0006, requires delivery of

26,147 radios. On 12 May 1976, CE was granted over two million dollars in

relief undor PL 85-804. This amount has been included in the cost of the

radio. On 14 December 1977, CE submitted a claim for $10,721,728. This

claim alleges increased costs for everything from specific design defects

to lost profits due to the Mexican Peso devaluation in September 1976.

Extensive delays in deliverj were experienced under this contract.
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On 20 June 1973 Bristol Electronics Corporation, New Bedford,

Moss., was awarded FFP contract DAAB.)5-73-C-0009. This contract, which

resulted from a competitive negotiation among Electrospace, E-Systems,

00 B(3ristol required delivery of 451 radios all to he delivered in April

1974. Delivery was not completed until October 1974.

Comnpetitive negotiations under DAABO5-74-R-0S2 were restrictcd

to Ll'istol, Cincinnati, E-Systems, Electrospace, and Sentinel. Cincinnati

and Sentinel were eventually disqualified and award was made to E-Systems

oni 14 1,rch 1974. Bristol protested the award of this FFP contract (DAAB07-

74-C-01L3) to the Comptroller General, who, in Lurn, recoiý:menaud'd th•t the

uw" to L-Systci,,s be trrminated for convenience. 1 1,•,r rovWr.id this

doci 'u:i v" ,:d allawý.d tlh. award to taand wiflh the rec.i,.,.nd,'ion th,, ...

o ions bU( exercised uvici' the contract (54 Cow!p. C.'n Du•e to SOt C

sOMurv"C dirt.ci:od forelyn military sfles, the Ai'y vs.u :r. to "0,

l,- to th, basic taward of 5,454 units, for a tot;'l of L.,ZG vo'dios.

F-Systems was also awarctcd a .teLer contr,i. (A;:'P,07-74-C-GO'?)

n," cu--production of thc, AN/PRC-77 with the Go'eu.,.', of Korea. The
,w t.r.t called fur 5,?35 kits and was awarded 2A':. . 197'. (This

conLtrac and other co-production quantitic-s, have b,. excluded from this

On 2 Mlay 197. -Systews was awardc.d solL ', u. , contract AAD37-

7 .- U1i1. 1 his HP coutract requires delivety o, v t~dios.

.•13 UAA11O7-77.-1-0171 resulted in the award v" 1P:11A contract

C1  1)AA'0,-78-C-OUII7 to Bk.tol 1Electronics on 16 Nov,., 1977. A total of
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10,9r.-1 units are to be procured under this contract. In December 1971

B~ris 1tol Clictronics was awarded a FFP contract fur 500 radios. This

contract, DAA1307-78-C-0117, was awarded on a sole sourc~e basis.

Conrc K!I prjice aind quantity data for RICA's PRC-77 production

p vz'ro obtained fropi contracts DA 36-039-AlM'C-10410E and DAABOS-67-C-0170.
13

N'on-rcri cot -e identified in a 0CMA Audit Report and stihtr~c'.ýd

Iir(m Lhe contract uni~t prices to got a sole source cost- improvemient cuirve

hasv,; on recu~rring unit prices. This data and cost-irnpruvcnmont cturvo ar

qiivor -in Fyiyrc 3-5. Price and quantity ditLa for all othor PRC-77

ko1tract~or';-.r obt~i ned from their rc:;pective contracts. FiOUros 3-6

1thruUqii 3-9 present this data for Electru-.-pace, E-Syeltem.ý, Cii :inc-aaU

aind vrist'1l ruspoctively.

Because (if the substantial PRC*17 ECP activity aftet' 0h sole

suw,;'ce production, an adjustment to the no-competition: calcult wn

iiu t *I'y ýu.. Shown ini Figure 3-0O. This rcsults in a s~ivins estiniate

ior thto 1RC-77 of $ M and 34.81. This savings iavlt b2 vive iL l~t

(if t~h proO-',. Lion conl-raict hit tory. There wari se\'(:rinh y~ n~l i n Vory

OndI ((ertaizfy Covermitii;lt athiiinistrative txpenives vere inurduztitely hi

"IRelirt on Evaluat ion of Price P'roposal,"M Defer *~Co~ratrA Aueit 4%,icy,
Plhilalvitlphia tk'qion, Cainde~n, Ntew Je~rsey. Uceaacr LUG6. AL'dit Repolw
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FIGURE 3-10. PRC-77 ESM Cdlculations

Step 5b 25,467,500 RCA 19,635 units
114,056,900 Proj. 123,706 units
11,3111,000 Plus ECP's (9?./unit)

150 ,90,400 -143,34• units

StLup 5c 25,467,500 RCA 19,635 units
41,283,600 Electrospace 56,312 units
15,376,200 E-Systems 29,339 units
4,722,500 Byristol 11,908 units

11,507,801) Cincinnati 26.147 units
S :ep ý,e -9, 32,60- 143,341 units

StA) 51t 150,905,400
- 98,36?,600

T---- ') ,•i•20-" TSaving, Credits

Step 6 * Savings kbits

SLI,!p 7o $ 52.5 M Not S.-vin,,.,

Step 7h 34.8''

fPotential ,•iings d1.-ts exist ii outstanding claims ayai, Lt

'li. Go\,,:rnmiint in thu aimouot of $1.3 M by Suntinml and $10.7 [4I by

Chilcirinal.i. If paid by Lhe Governmont, the net savings would be

d(,uC('(,d to $40.(6 1`4 and the -avings prerentage reducetd lo ý6.9%.
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6. AN/ARCl 3.

a. sy c

Radio Set AN/ARC-131 is a lightweight multi-channel airborne radio

sct that provides the pilot and co-pilot of an aircraft with two-way

communications b >ween air-to.-Air and air-to-ground stations on any oye of
!] discrete &,annels ',)aced 50 KC throughout the tactical frequency-

iirdull•, iO (FM) band of 30) to 75.95 megahertz. Frequency sclection for the

•,,,-oLter and receivers is remotely contrulled a. I the sclected frequiicy

S;ji,;a'•,d on tho operatcv's control box, The radio set also server an a

reu',' lission Facility (two radio sets connect, d back to baC) ,;r, ,

hum I .n facilitLy (whcn used with a homing antenila group and iudicaL.,r). Th,',

c:•u i .'.t opcratos from an aircraft power supply having a nc 'inal vol&tge

kr 2'!.5, volLs DC. The radio set consists of a R,,eiver-!ramitt,;r '.l-'323/

R',-l l; Control, C-70'3/ARC-1 31; ad I;tuntinq, MT-3564/ARC-131. Ponn ,

,rcri,,t fuv which thl ANC-1 "1 is intended are the UUH-1 , Al i, C11-54, C. 17

The AN/ARC-131 radio set was developed by the Magnavox Company,

Il.rL Waynk, idldiana, at their own expense. The fii rs t fd 1 sc•le prdvct.iun

Soi, t.)',k t, DAArFO7-67-C-0l•, was awarded on a sole source basis on i14 Ok Lubr

1 Y". Tnis was a FUP Lontract under which 2,162 radios w;r,: ýulivercd.
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On 27 NOyember 1967, delivery orders BG01 and BG02 under basic ordering

agreement 34601-68-A-1489 were placed sole source with Magnavox. These

FFP orders required delivery of 4,173 AN/ARCl131 radio sets. Sole source

contract DAAB07-70-C-0179 was awarded Magnavox on 25 March. 1970. Under

this FFP contract, 897 radio sets were delivered.

As a result of IFB DAABO7-70-B-0366, Defense Electronics, a

Division of DEI Industries, Rockville, Maryland, was awarded a FFP contract

for production of 614 AN/ARC-131 radio sets on 26 June 1970. Defense

Electronics experienced financial difficulties and failed to deliver the

first article. As a result, their contract, DAAB07-70-C-0277, was terminated

for default effective June 1971.

Urgent requirements as a result of Defense Electronics' default

dictated a return to sole source procurement with Magnavox. Accordingly,

Magnavox was awarded FFP contract IAAB07-72-C-0148 on 30 March 1972. Options

and sole source add-ons to this contract result in a total of 1,101 radio

sets being procured.

c. ESM Application.

(i) Input Data Cavett. Magnavox contract prices and quantities

from the three sole s.qrce production contracts were used to develop the

sole source cost-improvement curve for the AN/ARC-131 because they contained

flegligible non-recurring costs. Two earlier contracts, MN-28-043-AMC-01846

and DA-28-043-AMC-02330, provided for the production and test of eleven

prototypes and most of the minimal non-recurring expenses required for

50



follow-on production. Figure 3.11 gives this data and cost-improvement

curve, along with their post-competition prices and quantities.

(ii) ARC-131 Results. The ESM application on the AN/ARC-131

shows a net loss of $.6M and 2.1%. The loss may be partially explained by

the relatively small quantity available for a competitive buy. Figure 3-12

presents the ESM calculations.

7. ANt/UPM-98.

a. System Description.

Radar Test Set AN/UPM-98 is a transportable test set consisting

of two separate drawer assemblies mounted in a common equipment case. The

upper drawer assembly, Radar Test Set TS-1253A/UP, consists of a main frame

chassis into which are plugged the following four functional units: the

Display unit, Sweep and Intensity Mark unit, Crystal Mark and Sync unit,

and SIF Coder unit. The lower drawer assembly, Coder Simulator SM-197A/

UPM-98, consists of a main frame chassis with two functional plug-in units:

the Cal-Control unit and the Integgorgatlon Coder unit. All operating controls,

switches, connectors, indicators, and fuses are loc.ted on the front panels

Af the applicable units. A compact accessory box fixed to the top of the

LOuMn equipment case accommodates the accessory items.

b. Production History.

Admiral Corporation, Government Electronics Division, Chicago,

Illinois. developed the radar test set AN/UPM-98. They had previously

produced 371 uni ts under Navy contract NO8SR-9-5066 when they were awarded

jx sole source letter contract OAABO5-68-C-0964 In June 1968. The FFP contract
was deflnitized in December 1968 for 65 units. In January 1969, all option

*1 SI
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FIGURE 3-12. AN/ARC-131 ESM Calculattons

St.cp 5b $ 24,313,300 t4AG 7,232 units
- 3L523,?00 Projection Ij.I01 units

--,836o,-, units

S2Lup 24,313,300 IMAG 7,232 units
-Lel+ 45OCAGGO0 1,101 inis

--. v.. if,33 un ii

Stc:p 6f 27,936,3500
- 28 402, IO

"Saving,. Cr%".di"s

vLep 6 30,800* Savings 0- iL-,

SLcp 7.' - 500,400
- 30,8()0I---{•? ,2OO)- Net s•,v1i n,

":•1,, 7 (2.1%)

~71

*lin t 'ouped progjr ,'i P".'!'uentý to a con" r c( . te ,i*a .,46o uf v

4.,
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was exercised for an additional 65 units.

As a result of IFB MAA805-70-8o0545, Monmouth, Industries, Inc.,

Neptune, New Jersey, was awarded FFP contract OMBOS-70-C-31819 In June 1970.

The basic contract called for 65 test sets. Options were exercised On

12 June 1971 for an additional 14 units. On 8 January 1973, the Monmouth

Industries contract was terminated for default. The default was due to

financial difficulties which prompted Continental Bank of Philadelphia to
foreclose on various loans to Monmouth. No deliveries were made under

this contract.

On 28 January 1971, Dero Research and Development Corporation,

Huntington, New York, was awarded FFP contract OAABO5-71-C-3117 for 65

AN/UPM-98 radar test sets. The contract resulted from an IFB and was

valued at $276,750.00. It was ultimately terminated for convenience. No

deliveries were made tinder this contract.

S1Due to the delays caused by Monmouth and Dero, limited competition

between Admiral (now ASC Systems Corporation) and Target Corporation of

North Brook, Illinois, was authorized. Admiral was then producing the

AN/UPM-98 for Germany, England, Australia and Canada. Target was then in

production for France, Iran, Germany, and England. Admiral won the competition

and was awarded FFP contract DAABOS-73-C-1635 on 28 June 1973. This contract

required delivery of 124 units.

c. ESM Application. The available price and quantity data is meager

for the UPM-98. This required the assumption of a sole source rate of learning

based upon historical averages for electronics and discussions with the

contractor. Figure 3-13 shows the available data and assumed cost-improvement
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curve. Figure 3-14 gives the ESM calculations that result in $77,200

and 3A0 savtngs estimlates.

8. PP-47631,GRC.

a. System Description. Power supply PP-4763/GRC is a solid state

power supply developed by Christie Electric Corporation, Los Angeles, Calif.

It is capable of supplying 50 amp DC output at nominal 28VDC, from 115 VAC

or 230 VAC, 50 to 60 Hz inputs. It is used to operate the AN/GRC-106,

AN/GRC-122, and AN/GRC-142 radio sets.

b. Production Histoty.

Christie was Awarded the first production contract, DAABO7-68-C-

0434 on a sole source basis iii June of 1968. Under this contract, 1.818 items

were produced.

IFB DAABO5-70-B-0578 resulted in an award for production of 635

units to Defense Electronics, Division of DEl Industries, Inc., Rockville,

Maryland, on 8 June 1970. Due to inadequate cash flow and foreclosure by

Mercantile Financial Corporation of Chicago, no deliveries were made under

this contract. Accordingly, FFP contract DAABO5-70-C-3839 was terminated

for default on 1 October 1973.

Industrial Electronic Research Enterprises, (I"CRE), Palo Alto,

California, was awtarded contract OAABOS-71-C-3126 on 31 March 1971. This

FFP contract, which resulted from IFB QMABOS-71-B-0183, required delivery

11of 951 PP-4763 power supplies. IERE was eventually merged with the

Information and Computing Centers Corporation, also of Palo Alto. California.
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FIGURE 3-14. UPH-98 E£1 Calculations

Step 6b $1,363,700 Admiral 130 units
41,216 100Proj. 124 units21559,800 B units

Step 5c 1,353,700 Admiral 130 units
Step 5e +41075,800 Admiral 124 units

2 90 units

Step 5f 2,569,800
-2,429,500

1 Savings Credits

Step 6 63,100* Savings Debits

Step 7a 140,300
-63,100

5 7Net Savings

Step 7b 3.01

'Unrecouped progress paymets to a bankrupt contractor

bI
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Due to financial difficulties, the contractor made no delivertes and the

contract was teminated for default on 14 July 1972.

Urgent requireorents for the PP-4763 necessitated a return to

sole source procurement from Christie. Contract OAABO5-73-C-1615 was a

FFP contract awarded on 23 MaJy 1973. Under this contract, 198 units were

procured.

The next two contracts for the PP-4763 were awarded under the

8(a) provisions of the Small Business Act. The 8(a) contracting program

allows elements within the Department of Army to contr4Lt delivery with

the Small Business Administration (SBA). The SBA, in turn, awards a sub-

contract directly to a minority enterprise which has been certified by the

SBA as having the capacity and credit to perform the contract requirements.

It is in essence a sole source procurement.

The first of these 8(a) contracts was awarded to Multiplex-West

Corporation, (later West Electroncis. Inc.), Poplar, Montana. The Army's

FFP contract number Is OAABOS-73-C-1607, dated 11 March 1973. The SBA FFP

contract number Is SB312-8(a)-74-C-0305 dated 13 September 1973. Delivery

of 745 units is required under this procurement. The other 8(a) contract

was awarded to King Electronics. Inc., Philadelphia. PA. The Army FPEPA

contract is DAABO?-76-C-1307 dated 30 March 1976. The SBA FPEPA contract

is S83-1-0-8(a)-76-C-114 dated 30 March 1976. Under this contract. 478

units are to be delivered.

c. cSM Application. The data available on the PP-4763/GRC was not

adequate to establish a sole source cost-impfovement curve. It was exclud•d

2 '

'



from the regression development for the forecasted savings methodology

for this reason. If a conservative 95% learning rate is assumed, roughly

a breakeven situatior results as shown in Figure 3-15. FIguret 3-16 and

3-17 give the available data and assumed curve.
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FIGURE 3-15. PP-4763/GRC ESM Calculations

St-p 5b $ 2,241,GO0 CEI 1,818 units
+ 2,933,200 Proj. 2,6b9 units

5,174,800 4,487 units

Step 5c 2,241,600 CEI 1,818 units
234,800 CEI 198 ulIit"
740,500 MPX 745 units
571,200 KING 478 units

- 1,372,800 Proj. 1,248 units
';Lrop 5e 51T60,900 4,487 units

s.•L•p 5F 5,174,800
- 5,160,900

$ 13,900 Savinvg? Credi t;

Step 6 - Savings Debits

Sct•) 7a 13,900

$ 1 ,900 LNt San. iugs

Stp 75 0.3%
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CHAPTER IV

FORECASTED SAVINGS METHODOLOGY

A. INTRODUCTION

Before the Government invests substantial amot.'ts of money to introduce

competition in a weapon system acquisition, it needs to know what f ie potential

1 0. cost savings art from doing so. The organized data base established during

this project has allowed the development of a forecasted savings methodology

to assist in estimating these savings.

There are three major parts to the forecasted savings methodology. The

first is a competition screen or criteria that must be met in order to consider

competition. The second part is a forecasting methodology which provides an

e~stimate of expected savings by considering those quantitative factors which

affect savings. It contains a regression model to predict the competitive bid

price. The third part is a competition index which summarizes an analysis

of the qualitative factors influencing savings. The competition index can

be used to temper the numerical estimate from the forecasting model.

B. COMPETITION SCREEN

In today's procurement environment of highly complex military-systems,

competition is in many instances difficult, if not impossible to achieve. It

is often difficult to find two responsible companies that ., successfully

produce a given complex item, requiring rigidity to a delivery schedule within

the constraints of quality ahd price.

This section presents a summary of some of the factors whicn influence

the competitive environment and discusses some of the procurement techniques

68

"..................... . ... ;'+.•"++ ,++++-m..... .. ;+.. .....s....



1

which may be used to overcome a non-competitive situation. These factors

effectively serve as a screen for candidate systems being consided for

competition. Some factors are absolute-in their Influence; others awe not

ds stringent. Figure 4-1 is a summary of those factors which, when pretent,

have either a direct or an indirect influence on our ability to introduce

competition. The effect of any one factor may be diminished by the degree

to which it affects the item and the spectrum of contractors which could

conceivably compete in a given situation. A brief discussion of each factor

follows the figure.

FIGURE 4-1

Factors Influencing Competition

1. Prohibitively High Initial Start-up Costs.

2. Lack of a Definitive Technical Data Package or a wSoftu

Technical Data Package.

3. Proprietary Data-Technology Transfer.

4. Congressional Interests-Budget Constraints.

5. Inadequate Production Quantities.

6. Economic Climate.

7. Length of Planned Production Cycle.

8. Critical or Scarce Materials.

9. Non-Conformance to Cost Accounting Standards

10. Special Tooling/Test Equipment.

11. Testing Requirments

12. C-verment/Industry Wide Cash Flow Problems
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1. High initial Start-up Costs. Start-up costs for the production of a

niajor weapons system are generally high. They may be so high that

conpetition is not feasible.

2. Technical Data. A reasonably firm technical data package (TOP) is a

requirement for a meaningful competition on the production buys of an

item. A "soft" or incomplete TOP can be resolved through the expenditure

of additional time and money, so that a complete TDP can be provided for

competitive purposes.

3. Proprietary Data-Technology Transfer. The inability to transfer

proprietary data or trade secrets of an independently developed itemi

serves as a deterrent to competition for the production of that item.

4. Congressional Interests - Budget Constraints. Budget constraints

imposed by Congress through appropriations can dictate a single source

due to lack of funding for securing competition and the reduction of

quantities which can be procured within funding constraints.

5. Inadequate Production 9uantities. Competition must be eliminated

when the costs of securing competition cannot be justified or amortized

over an economical quantity.

6. Economic Climate. The general economic climate in industry may be

such that Government business is neither needed nor desired.

7. Lenqth of Planned Production Cycle. The length of the production

•.•cycle can be a deterrent to some contractors Problems can be encountered

with capacity in terms of monthly requirements or completion for final

Sdeliveries. A change in delivery schedule, either in production quantities

per month or a stretchout of the schedule, can alleviate capacity/facility

65

A.
L- - - - -~ -- ~.-.~I -,'A



problems that some contractors may encounter.

8. Critical or Scarce Materials. The inability of some contractors to

obtain critical or scarce materials may remove them from competition.

The Government can secure a priority rating for a contractor to obtain

thdese mnaterials.

9. Non-Conformance to Cnst Accounting Standards. Contractors may lack

a satisfactory accounting system for conformance to a specific Cost

Accounting Standard. Waivers may be secured under certain conditions which

Jl could penMit competition.

10. Special Tooling/Test Equipment. The lack of adequate tooling or test

equipment may prevent a competitive situation. There may be only a single

piece of required tooling available in the possession of one contractor,

and the lack of tooling for other potential sources will create a distinct

coUIietitive advantage. The Government can fund production of additional

touling or test equipment.

11. Tesjt~ eirements. Testing requirements including inspection

facilities/systems, first article requirements and use of Government

inspectors are additional factors which can affect competition. Relaxation

of first article requirements or tolerances may relax restraints; however.

this may result in later problems. Use of Government inspection assistance

4i Lould be fonsidered.

12. Government/lndustr Wide.Cash Flow Pi)e. a -ash fV w problems can be

4 deterrent to competitien in that cootractors may not be able to provide

sufficient capital to comnce and sustain a productive effort. The p~rovision

of progress payments, unu;ual progress payments. advance paymnts, or other
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Government financing is a tool which can be used to alleviate cash flow problem.

Two other procurement techniques which can be used to secure competition

are leader company procurements 'and multi-year procurements. Leader company

procurement involves the sole source or developer of an item furnishing

engineering/manufacturing assistance to a second source. This technique can

be implemented by: (1) the prime subcontra'ting a portion of work to a second

source; (2) a prime furnishing assistance to a second source also under a

prime contract; or (3) a prime serving as a subcontractor to the second source

who has a contract. The use of multi-year procurement can broaden the competi-

tive base by allowing participation by companies not able to compete for lesser

quantities. This is particularly true when high start up or facilltv costs are

involved. The non-recurring costs are distributed over a greater quantity

which tends to reduce any price advantage accruing to a company already in

production.

C. FORECASTING METHODOLOGY

If the candidate system passes the competition screen, a forecast of the

expected savings is needed. A forecasting methodology Oihch is structured

similar to the estimated savings methodology, was developed to provide this

forecast. It contains a regression model based upon data from the systems

reviewed during this project to forecast the unit price of the competitive

procurements.

1. Regeession Model.

Figure 4-2 summarizes the system data used to develop the regression

model. It shows the arithmetic average of the percent price reduction in

contract unit price to be 13.7%. However, there Is a very large dispersion

about that average with a high of 52.8 percent and a low of -29.4 percent.
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Percent price reduction and actual unit price were the dependent variables

considered.

The general criteria used in selecting the best independent variables for

the regression model were that the variables had a:

a. high correlation with the dependent variable and low correlation

with other independent varialles;

b. high significance level in that correlation; and

c. narrow width for the confidence interval around the prediction.

No restrictions were made on the form the model took; although a simple, easy-

to-use model ilas desired.

The final regression model was obtained by checking each independent

variable and its different expressions; i.e., logarithm, square, square toot,

etc., with the dependent variables and selecting the combination that best

met the criteria above. Products and quotients of the independent variables

were also tried with no improvement in the model fit. Equation (1) gives the

log-linear form of the regression model chosen.

LAUP -(967118) (LPUP)-(.226109) (LROQ) (1)

where:

LAUP is the logarithm of the actual unit price of the
competitive procurements;

LIPUP is the logarithm of the projected unit price from
the sole source cost-improvement curve over the same
quantity as used for LAUP;

LRO is the logarithm of the ratio of the quantity procured
after competition (commencing with the buy-out competition)
to the total program quantity
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Equation (2) gives the model in Its simplified, non-linear form.

.967118
(ProJected Unit PtMce)

Actual Unit Price
(Ratio of Quantities)

The independent variable, LPUP, reflects the influence of the slope of the

sole source cost-improvement curve since the projected unit price Is a function

of the first unit cost, sole source cost-improvement curve exponent, and lot

mid-point of the quantity procured after the sole source procurements. LPUP

also includes any non-recurring costs expected during the buy-out competition.

The independent variable, LROQ, reflects the importance of the quantity available

for the buy-out competition expiessed as a percentage of total program quantity.

The most influential independent variable is LPUP whose correlation with

the dependent variable LAUP, is 1.00. the second independent variable* LROQ,

is not as highly correlated with LAUP (-.71); but as a "fine tuner' it improves

the model logically by further adjusting the rough estimate from LPUP. When

both LPUP and LROQ are included in the model, they are significant at the 100%

arid 90% levels respectively. There is a moderate 4.70) correlation between the

two independent variables. The multiple correlation, coefficient is .9997.

Figure 4-3 shows how well the Pqodel fits the data. The percent deviation

between the observed value and the predicted value of LAUP ranges from -5.19

to 4.53. Figure 4-4 is a scatter diagru, of the daa.

The following example illustrates the use of equation (2) to forecast a

competitive bid price. If the projected unit price of a candidate missile is

$5000 and the competition structure allows 76 percent of the program requi•-

ment to be procured during the buy-out competition, the predicted actual unit

70
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FIGURE 4-3

Table of Residuals for Regression Model Data

and Analysis of Variance

1HŽF OKERVED PREDICTED
ItU. VALUE YALLIE RE�I11LII�L � DEVIATIOM
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L �1i� 14 0. 93616 0. 66869E-01
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FIGUJIE 4.4

Scatter 0agram of Pegression Model Data
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price is $4033. This is detertned by solving equation (2) for AL1P, given PUP

and ROQI as follows:
.967118

(5000.)
AUP

(.76) 60

Ajp .4033

The respective confidence bands around this prediction are shown below:

CONFIDENCE LOWER PREDICTED UPPER
LEAEL BOUND VALUE BOUND

9%3504 4033 4641

85% 3650 4033 4456

One additional use of equation (2) is to determine the ratio of quantities

I at which the projected unit price equals the forecasted unit price. For

I this saws examplea it is 29.0 percent calculated as shown below:

(5000.) .678'I (ROQ).226109

* ~~ROQe.9

This w.y be useful to assist In struicturing the competition to be sure the

qLmntity remaining for competition is adequate to expect a savings frm the

ompetitive bid price.
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2. Moethodology.

The for-ecasted savings methodology contains the rcjreas.ion wodl d's-

c:uised ahovo to forecast the actual competitive bid price. V.is pedlc;io;•i is

couipared with the expected sole source price ihich is obtaitied by pr~4ecting

tie sole sourcc cost- Uprovewent curve to cover the qu"ntity r'odcd. The

differctwc between these tt.;o prices; i.e., thI Pr•iOcd ''L sourc" pri,"d

versus the predicted coapett.•.v, ;-Ace, mulLiplled by th- cr.;2etitivo, quaiitity
deternines the expected savings credits. ExpecteJ savings dcbits ar• rubtractc.

from this savings credits to ,et the net expccted sa-vinis frcii introduci,;g

coaiptULitlon. The ncethodology details follow.

STEP 1. Obtain the i•t data necessary to exercis.i t.,o o,,tu.ýh..

a. Yearly hardware requirewents budgeted for DOD and concurreit:

foroign military sales.

b. The best available estimate of the so', sorce contractor's l~arniN.i,

curve. The prices or costs should be adjusted to rtflect only Mecurring unit

costs plus profit. Kom-recurriny or start-up costs should be exclude4 for

proujection purposes.

SfTEP Z. Construct th.n for the o.',tracter
((s•..;i usi.,ng unit cur've the)svj.

a. Calculatte algebraic lot vid-pIonts for the av,;..l140 q-tity

b. Adjust unit tecurring price dat to a ceiraii base year using a

specific coemodi ty price index or othetr aproved iafloticn factor.

c. Plot unit recurring price vcrssus lot wid-pcints m a lo•arithaic

WU, ,r4d .A'-tvrmid fir•t uafi cost aiv. slope of thv tarve.
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STEP 3. getermine total savings credits,

a. Project the sole scurce contractor's cost-improvwent curve to

cover expected har•are requirements.

b. From this projection, calculate the expected total recurring price

if o• competition were Introduced by multiplying the lot mid-point quantities

by the unit recurrinj prices for all requirements and sumuing these products.

Add any non-recurring costs expected during the buy-out competition to- et the

expected no-competition total contract price (excluding sole-source non-

recurring costs). Discount these prices and remtining calculations to the

present year if discounting is included in the analysis. 14

c. Forecast the actual unit price of the competitive procurement using

the following regression model:

.967118

AUP-P
Q .226109

AUP the expected actual Utit price of the competitive procurement;

PUP the projected unit price of a sole source procurement calculated
by extrapolating the sole source cost-improvement curve (including
any non-recurring csts exW.4.ted during the buy-out competition) and

Sthe ratio of the quantity to be procured in týh buy-out co p tition

!j ~ ~to the •oUTa prvogram quantity.

C•kul•te the expected Coepetitive contract price Zy multiplying RAP by the

quantity to be procured in the buy-out cometition.

14, AR 11-28. Lconic AnAlysis and Program Evalwation for Resource ManAge-
3-ftt. Dee?5.
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d. CaW..late the total recurring price for quantities purchased

from the prime (sole sourc*)) contractor before the comapetition, including split-

buy points if appropriate. If a second source is plau..d before buy-out

competition, their total contract price (including non-recurring costs)

should be determined and added to that of the ptime contractor to get a pre-

competition total price (excluding sole source non-recurring costs).

e. Subtract the sum of Steps 3c and 3d from the total in Step 3b to

determine the exppcted savings credits due to competition.

STEP 4. Determine total savingt debits.

a. Determinv price to develop the second source, if planned, by

multiplying the number 0f items consumed in the educational buy by the basic

unit price for those items consumed.

b. Deterv other costs incurred solely to support competition.

Administrative costs to the Government -if awarding ind administering the

second source procurement should be develoved ano treated as a savings debit.

c. Determine the contractual support price paid to the prime contractor

to support a second source.

d. Determine any additional costs duu to program stretch-out to

develop a second source.

e. The sum of costs in Steps 4a through 4d is the exrk 'ted savings

debits.

STEP 5. Determine the expected effect of ccmpetition.

a. Subtract the total savings debits in Step 4e from the total savings

credits in Step 3e to determine the expected net savings.

b. Compute the expected savings percentage by dividing the savings

in Step 5a by the total price in Step 3b.
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c. Determine "e expected cross-over point by calculating the

quantity at which the sa, ..ys debits equals the savings credits.

D. COMPETITION INDEX.

The quantitative results derived from the forecasting methodology must be

viewed in light of the qualitative factors which influence potential savings

due to competition. These considerations will vary between systems, contractors,

and industries. In a given situation some factors may have an extremely strong

positive or negative influence, or they may have no influeni.

To apply the competition index, one evaluates the various factors

as to the impact they are likely to have on the competiLive environment.

This evaluation ranges from "extremely strong increasing influence" thru

"ro influence' to "extremely strong decreasing influence." A numerical

score ranging from +10 to -10 is thus assigned for each factor. A relative

weight indicating the overall importance of the factor being considered to

the other factors should be assigned if the factors are not considered to

bo equal in weight. For comparability among weapon systems, the factor

weights should he normalized after their reiative importance is established.

The summation of the product of the normalized weights and scores is t.h2

competition index. This index is then compared with the index for other

sysLtms in the data base. Figure 4-5 contains the format for computation

of the comapetition index.

. _Percejtion of Competitive Position. A firm's perception of its

competitive position has a strong influence on its bid price. Its bid price

is upt to be higher if the firm is the system developer and the only one

who has produced the item or has produced the item in recent. years. As

other firms learn to produce the item at low, moderate, nr high production

rates, the bid prices are lowered. Capacity and manufacturinq equipment

.,,'~77
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COMPE~TITION INDEX

CUjUTRAC loR: ITT

FACTOR$ WEIGH4T CR

1. Perception of Competitive position
a. Production C 1IviectO
b. Call( ity
c. Age of facilit'cs
d. Area wage rates
e. union

2. Anticipated Future Requireeicnts*
a.US ~~

c. Spinoffs
4!. Other tz,.iponents 

'MIS

3. Economic ConditionsWO
*. Current
b. Future

4. Com~at'y Gnoiis

b. Long rai je

S. Risk Assumiption
a. Technical risk
b. Quality of TOP

6. CopItal Investmnt
a.Dollar value reqluired

b. Use of GFE
C. Type of equipment

7. P*.ke or Buy ConsIderations
a.Sole-source tubrontra~tOrs
b.Govertivent directed
subcontractors

S. Other
a. Types of contracts
b. Should Cost
C. Value engInitering

TOAk.

1 Aslinn Wcres bAsePd On the following scale:
fxtrie".-y Stronq %tronr Increasing Weak Increasing Unknowin of, iWeak Decreasing iStronq Decreasing It ;~Y Strop'
I creas ng Influ'ence lIn5 luence jInfluence INo Influence jInt Iue'vc% Influence Oeremtn

0l0 5 142 0 I 2 I Influane .1
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can influence bid price. Too much excess capacity requires that overhead

be allocated over a small amount of output, thus driving the bid price up.

At the same time, the need to enlarge output to absorb overhead can work

towards a downward adjustment in Orice. The age of manufacturing equipment can

indicate higher costs if the equipment is inefficient or obsolete. Area wage

rate differentials and union agreements also affect price. A strong union may

force a high~er price due to higher wages and increased costs of benefits, and

may dictate uneconomical make or buy decisions. Wage rates vary throughout

the country. If a firm is located in an area where wage rates are high, this

tends to raise the bid price. Such factors also may increase the bid price

of a competitor who perceives a competitive advantage based on his own

circumstances.

2. Anticipated uture Requirements. Many firms base the bid price on

quantities in excess of those basic quantities expressed in the solicitation.

The greater the anticipated requirements for a given item, the lower the

bid price. This includes both US -'equirements and FMS requirements for the

item. The possibility of technological spinoffs with comercial or other

Government value will lower price. The possibility of obtaining additional

work on other system comiponents will also lower price.

3. Economic Conditions. In unstable economic times, contractors ore

likely to include contingencies in the bid resulting in an increase in the

bid price. If economic conditions in the future are generally gloomy for the

country or an industry, bid pri -re apt to be lower in the hope of capturing

long-term business. Conversely, if good times are aheo.d and an industry

expects ample business, the bid price will tend to be higher.

79
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4. Iionediate and LonqRanfeCompany Goals. The objectives of a finn

often influence the bid price. The desire to maintain a certain conmmercial/

Government product raWx can have a pos'tive or negative impact on price. A

strong desire to enter a st3te of the art market will tend to reduce price.

Future expansion plans will also influence price. Minimum return on invest-

ment objectives may increase price.

5. Risk Assumption. The amount of technical risk assumed by the con-

tractor involved in producing an item impacts bid price. The higher degree

of technical risk, the higher the price. This is closely related to the

quulity of the TDP. The better the TDP, the lower the ultimate price.

6. C:pital Investment. The higher the capital investment involved in

production of the item, the higher the price. Also, firms which use a lot of

Government furnished equipment can generally charge a lower price. The type

of capital investment also has a strong influence on price. If the investment

is for items with a long productive life or which can be used for the pro-

duction of various items, the bid price will be lower.

7. Make or Buy Considerations. If an item is largely subcontracted and

the prime contractor is primarily a fabricator of various sole source subcon-

tractor outputs, there is little potential for savings. A large number of

Govwrnment directed sources have the same effect. Competitior is then only

for fabrication and inspection costs, overhead, G&A, and profit These costs

may be less than 30% of the price of ani item.

fill
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8. Other. This category includes such factors as existing types of con-

tracts, should cost. and value 'engineering. The mix of fixed-price type con-

tracts to cost-type contracts has an impact on price. Generally, the larger

the number of fixed-price type contracts'the more stringent the cost controls.

Consequently this lower the price. Should Cost techniques are traditionally

*considered to result in lower prices, and a firm's history of using value

engineering royalties as a substitute for profit can result in greater savings.

Any other factors peculiar to a specific situation which will have a sig-

nificant impact on savings due to competition should be included in this

category. For comparability with the competition index for other systems it

is imperative that all additional factors be completely documented.

E. USEASA REQ1S&TINg TOOL

Thc foreccdsted savings methodology can be a vcft'able tool fur the pr!cu~reŽ.-

ment d: dsion nwke~Lr. It provides a numerical estimate of the exp.'ctced Savingcs

(oi- loss) from compoki~tion as well as an analysis of those qualitatilve factors

inf~minjt~he competition. With suchi 1i:ftoiatieoi the decision tina!:cr can

fucl confident in his decision to continue in a sole sourcc situ.,tion or to

introduca cow,utitimn. As additional systems an: addcd to UI*2 data ba'sv~a.

refi~iiow.11tts arc made where needL'do the applicabiliy -~i II l c bviovhm~d

To gai-n full advantloc of the forecasted 'n~ h~ooy it must. h'

,Ipvl ppliud. Figure 4-6 gjraphically depicts th.: pronedui'n and dccco

piiont- in a typical appilicatiton. If an analysis of Vic f, crcs influen,. ng

the competition :Iso'a Uint COIT~etiti-lo is po,;siblc, a fo1Tc~ct of t:. exj.i-Ltcd

savings Litould be made. If the analysis shows thet competition is not: por&bie,

the C'.clison sI,-Mld bc to continue in a sclo source environmelit. A comp.M4t~ion

* idzshould be determiined if' a positiv savings is fo If :loss s
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PROCEDURE FOR APPLYING TIlE

FORECASTED SAVINGS METHODOLOGY
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forec;:st, the decision should be to continue in a sole-source situation. If

the competition index is positive, competition should be introduced. If it is

ncjative, a re-evaluation should be made of the savings forecast paying close

attention to the sensitive variables. When a positive savings is still fore-

cast after the re-evaluation, but the competition index remains negative, the

decision is not automatic, but becomes a matter of judgement as to the probability

of a savings based upon the rellative strength of the quantitative and qualita-

tive m=asreow:nts.

One cautioii is noted here that should be remembered vihen applying this

m.thodoloijy and resolving the above conflict. The data base upon w, hich the

regre-ior; nm•lel w:as structured was not randomly composed but corisisLs pri::o.riy

of those systeows where a conscious dechiLiw was made to compete, for iz.hatever

reasons; and a savings was probably expected and usually obtained. Tihe numd'ricil

savin,. forecast using this data base will therefore be biased sonma;e.hat in

favr,&" of competition. This does not present a problem, when t1:2 co:mppe",ition

serec, mn siz. the forecasting methodology, and the compctition ind';,:P all

favor conmpntition. It doc's mean that the competition index should 1., iveui\e

s0I.Ch, ly more weight when a conflict between it and the savinUs forceast e:::,.
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CHAPTER V

COMPETITION

A. A P1.RSPECTIVE OF COMPETITION

OMB Circular A-109, Major System Acquisition, continues to stress

the need for competition in the Federal Government's acquisition process.

The Department of Defense is responding to this emphasis and is seeking to

increase competition in the production of complex, high cost weapons
'15

systers.

Much has been written about competition and how it saves the Government

money when introduced into weapons systei!ýs acquisition. Most of the studies

claim substantial savings through reduced unit prices and -attribute the

reduction to competition. While this report supports the belief that

savings have been made in the past and will continue to be made in the

future through competition, it recognizes that competition does not always

result in a savings to the Government, and that when savings do occur, not

all the price reduction creating the savlns is due solely to competition.

A portion of the price reduction is due to contracto: learning. It also

recognizes the expenses incurred by the Government to obtain a competitive

environment and identifies some of the problems that may be created by

establishing competition.

15
Church, D. W., "Defense Procurement Policy Goal: Maximum Cong*etition,"

Cmoianders Digest, Volume 20, No. 21, December 8, 197?.
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Figure 5-1 illustrates the approach this study uses to recognize

contractor learning. The asterisk or projected bid price is determined by

extrapolating the sole source cost improvement curve to cover the com-

petitive procurement quantities. The triangle or actual competitive bid

price is the actual unit price bid by the winning contractor regardless of

who wins the competition. The portion of the price reduction attributable

to competition is that portion between the asterisk and triangle. A

continuation of sole source contractor learning accounts for the remainder

of the total price difference since it is reasonable to assume that a fixed

price contract could have been negotiated with the sole source based on

a continuation of the sole source learni"i rate.

Simply using unit price reduction as the yardstick for measuring the

impact of competition can be very misleading. In addition to learning,

it ignores other costs and risks that, when considered, could change what

would appear to be a net savings into a net loss. Figure 5-2 further

illustrates the difference in these two views or cor4etition. It was corn-

piled using actual cost and price data from the weapoa systems reviewed

by APRO. Colut.-m number three shows the percentage reduction in

unit price in going from a sole source situation to the first comWtitive
buy. Column six gives the results of exercising the estimated savings

mthodology which includes consideration of learning. inflation, and coma-

petition related expenses incurred throughout the entire production program

in addition to hardware unit price differsinces. The two approaches of

meoasuring the impact of compttition produce considerably different results.

Using the price difference approach some previous studies have failed to

examine post-award performance, This can be especially misleading in situa-

tions, where the new ct.Mractor never delivers the item and the Goverivnent is
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forced to return to the sole source in order to obtain the item. If the

three situations wnere this cccurred in the present study (ARC- 131, UP14-98

and PP 4763) are eicluded from the data base the average savings under the

price difference approach would be 46.8%. Under the project learning

approac' the average savings would be 16.1%. The costs of those aborted

procurements have been taken into consideration in the ESM calculations.

B. COMPETITION BENEFITS

The benefits of competition are numerous. Obviously, reduced weapons

system unit price is the major benefit to be gained by the Government from

engendering competition. As shown in Figure 6-1, the averaige savings for 16

weapon systems was 10.8%. Total dollar savings was $310 million, but benefits

other than cost are also to be expected from competition.

One such benefit is the knowledge that the competitive contract price is

at or near a fair and reasonable minimum without the necessity of conducting

expensive Should Cost studies or dueling with the contractor over a negotia-

tion table. the competitive environment tends to accomplish this for the

Government without the large cost and maroor outlays of the Should Costf approach.

Another benefit is an exWred production base from multiple producers.

tohi the event a large quAntity was urgently needed. two producers could be

used to meet the requi-eewt when a single producer lacked the capacity.

A proven TOP Is yet another benefit of cowvetition. The fact that a

*-• second contractor produces the system from the T0P and not sole source internal

drawings or orprietary information tens to verify the lttegrity of the TOP

-or otker pwrwse1 such as maitenance xnd repair.
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Still another benefit is the inherent appeal of copetition. It allows

every competent producer a chance to bid on the Stem. No sole source Justi-

fication is needed for Congress or the publi: when coopetition is introduced,

and the aura of "fair play and a good price" is maintained.

C. COMPETITION COSTS AND RISKS

The benefits of competition can be significant, but they are not to be

gained without some cost or risk. As shown in Filure 6-1, five of thte sixteen

systems analyzed actually lost money when competition was introduced.

Secrarlly, a Project Manager has an easier and happier life if 4e

stays with the system developer throughout the production of his item., The

system developer has amassed the huge- tount of knowledge requim-d for

successful prodnction of the item. This knowledge is not easily transfer'red

to a n-i producer. In most instances, a new pro4ucer will experleuce pro-

duction difficulties which may lead to delas in delivery and/or increas.d

costs.

Over the years of development and early production, the Project Manager

a.W system developer stould Wave developed a healthy working relationship

which can be jeopardized when copetition is Introduced reg.•dless of the

I outcome of the competition. The system developer also b'comes imbibed witli

1 a sente of pride in and responsibility for the item. This can be lost unan
production iý te'ansferred to a new producer where it ma be consi4red uj~si

* Sl

*hr ot•tr job.*

To make the daisioa to introduce weotiti-n requires a coivrisoa of

1 tLhe benefits as discussed previously with the expected c•sts and risks

4%%•oci&4.ed with establishing a coVatitive ervirofnt. certiWs costs are

* I

19

* I
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obvious and well defined such as the amount paid to a prime contractor to

support the education of a second source. Other costs are not as obvious or

as easily quantified but may be properly charged as a cost of competition

depending upon the circumstances. Such a situation is the educational buy

for a second source.

The educational buy is usually a small quantity of hardware used to

verify that a contractor's product is technically acceptable. If these

units are tested to destruction; their cost should be charged against the

savings expected fron competition. If the units are tested and thei, added

to the inventory to reduce the remaining quantity needed to meet program

requirements, no charge should be made.

The costs of stretching the program production schedule to accomodate

competition are properly chargeable against expected savings, but they

cart be very difficult to identify atid quantify. Possible production

V Abreaks with resulting cost chanoes and lost learning are debits aqainst expected

savings. The respective quantities procured fom two contractors in a

split-buy situation may force the contractors to produce at some otherti than their most efficient production rate. Other things being equal, one

contractor should be able to produce the total quantity at a lower average

unit price.

I Government in-house resources required to manage and support competitive

environments are generally larger than for a sole source environment,

I• sowmtimes substantially larger. One document estimated the additiondl cost

j exceeded 51 million in a $35 million program. These costs are also chargeable

against expected savings, even though this study did not inclue them

I because of time coestrjitits.

I CosAAR t Study." US Army Missile Command, Redstone Arsenal,

Alabama 35•809. 4 January 1973. (Confidential).
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Even more elusive than the above costs are the risks of additional costs

or problems caused by other factors influencing competition. The costs

associated with these factors are not easily forecast but are wry real

expenses to the Government when they occur. An example of such a cost is

the unrecouped prcgress payments made to a contractor that goes bankrupt

while attempting to produce the item. Another is the schedule slippage

caused in some other proqram when the item being procured competitively is

nnt available and is Government Furnished Property for thaL program.

The possibility of a contractor "throwing darts" in arriving at a bid

price is another risk present with competition. This buy-in possibility

always exists. Sometimes it is inte.,'tional; at other times it occurs

through ignorance of system requirements or problems. The situation

usually crea'tes numerow: problems in the Government/contractur relationship

which many times mast be solved in court. A large disparity between the

bid price of the winning contractor end that of the system deyeloper is

one early indicator of such a possibility,

Another risk always present in competition is an inadequate TDP.

Although the package is reviewed and approved by the Goverunneit prior to

competitioo, nwumerous production or design problems can occur. These

problems thea twcome vehicles for the secoid contractor to gain additional

funds, The sole source contracto- (developer) does not have such an "easy

out' with a bad TIP since they have a vested interest in. it and may retain

. sow, sense of responsibility for it.
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Product quality can be affected adversely when competition forces

contractors to lower their costs as much as possible. Where possible, a

contractor may substitute materials or subcomponents of marginal quality

which result in higher risk of problems in the field. A new vendor offering

a lower price mn- be selected for a critical, expensive subcomponent. If

the item does nojt fully meet specifications, a waiver may be needed to

meet the delivery schedule. Yet specifications must 6e adhered to religously

if we are to, insure interchangeability of parts and compatibility between

items produced by different manufacturers.

Another very real risk is the decrease in troop readiness when deploy-

nent of an item is delayed due to delinquent delivw.ries or no deliveries at

all from a new producer.

The costs of competition and risks of additional costs can turo, what

would have been a net savings into a net loss for the Governnent. Although

these costs and risks may not be easily measured or forecast, their existence

must be recognized, and they must be analyzed, as part of the decision

to go fowpttitive. "ihis is precisely the purpose of this study effort -

to provide the techniques necessary to analyze the c'osts, benefits and risks

involved in competition. It is submitted that, given the state of the art

in cost aiialysis, the methodologies provided here are the best available for

assessing and foreccsting the effects of competition in weapons systems

production. Implementation of the study recoamendations will insure effective

use of theste techniqueg
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CHAPTER I1

CONCLUSIONS AND RECOII4ENDATIONS

A. CONCLUSIONS.

The savings achieved by introducing competition into the procurement

of wealinn systems can be reasonebly estimated. The estim-ated savings

IIK'Lhlodolory (ESM) developed for this purpose considers inflation,

co|itrac:Lor learning and competition related expenses in addition to the

.,tfferrrnc(s in recurring uwit hdrdware price. It has been exercised on

I( diffvrenL mi.sile or clectronics sy.tems. rigure 6-1 s.ummarizes the

r,,simlt:; of Lhose applicatiors. The dollar savings cnlumni ir in millions

of' FY 72 dullars.

FIGURE 6-1

SUiMMARY CF ES14 APPLICATIONS

PERCENT SAVINGS DOLLAR SfNVIV• S.,Y, (~LOSS)...

701! 4i,;sile .8.5 61.3
TOW iiiminch,'r 30.2 83.5
IRAGo;,4 Rolntd 2.7 8.0
DRAWdON Tracker 12.0 12.2
Sill I.ACII hlissile 5.9 1s,.3
FAAR Radar 16.6 4.8
I:A TAM).;; 18.2 2.0
I1{.-7l R•dio 34.8 52.6
ARC-131 RIaio (2.1) (.r)
UI'1-9'I Test Set 3.0 .08
SIfKL 51.0 103.2
SI11)I W NIER 1Missi lus*

A111-9I.1 GCG 40
AIM-9D/G GCG

Sta•llndd Miissi 1 e* 13.
BULI.I'UP AGM-121D Missi le* 16.0 38.3
MARK 46 Torpedo* 1.2_)? (52.9)

AVG 10.8

'Syf.,l(m analyz;d by Tccolote Research, Inc.
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Saivings were generdlly obtained from introducing competition. Using

the ESM, the average percent savings for the 16 systems reviewed was 10.8%.

Thk• it less than the anmount of savings historically claimnd. Five of the

16 systems show a loss.

These results reflect the quality of th,. available cost data, since

thle [SI is only as good as the data avail.able to support it. If the input

(ata is reliable and acciurate, the ESM provides a reliable estimate of

Vaviiius achieved. Whenvcr the cost data has shortcomings, assumptionn

,(, r':"c.sary to compl:e the ESM. The estimates given in Figure 6-1 are

helivewd to be the most reliable estimates available from the current datb

ba.v; even though there was considerable variation in the data quality

amo-0g the sysLei~s.

ihe current formats used to collect cost and quantit'y dh.ta for cosvZ-

improvnment curve cons truction cati be improved upon. Speciifical'ly, the

DiD l'nj 19.91-1 and DD Form 1921-2 need to be structured so they are

co•;mltible vwi Ih each other and contract information and do liot need to we

supplem.,nLed with data from other sources. Although the concept o( learning

does. not apply equally well to all cost factors reported ori the for:,as,

valid cost information needs to be collected from which cost-improvcmcnrt

cuirves cafn he constructed that capture gross contractor learning based

upcn recuirring hardware unit cost. Since the ESM is highily sensili-ie to

the sole sourc,2 contractor's cost-improvement curve, it is imperative

that the cost data be as realistic as possible.
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lhe daita lhase eýthlishod during the review and analysis of tie systems

I i-..,ld in Figure 6-1 has allowed the developmeoit of the forecasted suvirigs

iitiiodulogy (rSM) The FSM provides an estimate of the expccted savings

or loss from introducing competition as well as an analysis of the quali-

tLive factors influencing competition. It can be a useful tool for the

Coitq)troller of the Ariimy in budgeting for future systems similar to those.

that comprise the data base. The FSM can also be used to provide an in-

ilcpi',ndvnt estimate of expected weapon s-:stem cost for comparison with the

!',,,j('v.. IFinagCr's estimate. It is relatively simple to apply .and includes

dii analysis of both the qualitative and quantitative factors influencing

the competi tion.

Savings are not to be obtained without some expense ard risk assumption

associated with introducing competition. The Government bcnefits firkan-

Liilly from competition only if net savings are realized after all

compvtition related expenses are accounted for. These expeoses and risks

110y riot be easily mLeasured, but their existence must be recognized and

analyzed as part of the decision to go competitive. To do otherwise is

t.o blindly accept (eneral poliky at the risk of incurring a loss that

could have been avoided.

B. RECOMMENDATIONS

The estimated savings methodology and forecasted savings methodology

haive been developed as tools to assist in determining the impact of competi-

tion. They provide a means of addressing the factors that influence

coipeLition and forecasting the outcome of introducing a competitive situa-

tion. The following recommendations are offered. to make the most effective

use of these nmthodologies.
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1. Adopt the e.timated savings methodology (ESN) as the Comptrmller

of the Arrgy approved procedure to estimate savings aciived from competition.

It is relatively simple to apply and theoretically sound.

2. Test the forocasted savings methodology (FSJ4) on a system meeting

the required competition structure to verify its applicability and accuracy.

Two possible test systems are the Navy's Sparrow 7F and Standalrd Mtissile

Two missile systems.

3. If the FSM is verified through testing, adopt the forecasted savings

methodology (FS4) as the Ccqptroller of the Amy approved procedure for

independently forecasting savings expected from competition. This estimate

Is to be compared Nith the Program Manager's estimate. The FSZ includes

4n analysis of both the qualitative and quantitative factors influencing

coWp.tition.

4. Also, if the FSM is verified through te~ting, adopt the forecasted

savings methodAlogy as tihe Comptroller of the Army approved procedure to

forecast budgetary requirements for future missile and electronics systems

being considered for competitior,. It provides the best available prediction

of future system cost and is based upon an In-depth analysis of 16 missile

and electronics systems.

S. Revise the fo.its of DO Form 19?1-1 and 1921-2 to bt compatible

with etch other and provide for the construction of realistic cost-im.-•rve-

ment curves. It may be that one form that captures the learning achieved

in recurring hardware anit cost will be sufficient.

C. Expan4 the data bate to tnclude asdoitional weapon systems or itcus

"tht wet the criteria of sole sowrce production followed by one or wort

cwet titive buys. The regression del iAn the FSK Is useful for forecasting
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savinus for 0i11ilar "•yteiiis; (i.e., missiles and electrornics) but thw

ginelfl mettiodology applies to all wepon ýystemns. If a data base can

1w vstablished for munitions or aircraft for exanmple, the methodology

Lian he adapted to apply to those systems as well.
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IPRICE INDICES FUR MISSILE PROCUREMENT
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APPENDIX [

PRICE INDICES FOR LLECTRONICS PROCUREMEWI

FY INDEX

67 .831

68 .8599

69 .8882

70 .9173

71 .9533

72 1.0000

13 1.0351

74 1.079.1

lb 1.1924

16 1.2857

77 1. 3945

7YB 1.4714

79 I. 54Th(

80 1 .61b4

81 1.6801

82 1.74/5

lf,:•1.8 ai /

8;4 1. 89O;

I tILi : I I i ,Li I/Pri Ct' E atioU SCtru tIiont I, EA1 .wII Oi Iih i it '

L-4, V1 'io 72 Y. Iectroni.s Loi'=,ino ,d , I MutmijuLh, N• ,, twoey.
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oninpe t ition cannot be measured with a reasonableŽ degree of' confidence. defense 3f

bud;:mptary es~tiinates and the developffnt of a accq Aisit' I .tra tegy is difficult, if riot
inx9be. >U). SWUDY APPROACH, PNhe approa' n~n výt~ded a thorough investiqa-
tion ~ ~ 'hs ofte ouen~soies of sixteen items originially produced on a sole

source basi;,ad ae competed; the identification and ý4nalysis of factors ex-
plalnino savings &te to C^)etitiop, and the synthesis of these factors into workable
wt d ~olotties for- ectimatinig net savin os on historical systems and forecastng
expected -saving~s 0or fuue y ms. A data base is developed.4. SUtARY AND

-Th savings achieved by introducing Competition int Iepý(
wtaA. *.ysteiiis can he reaioaiably estimfated. Of the sixteen items analyz~ 've

j shOWed 4 IOSi dU to W Ou~titiOni. Savings fOr the SiXtLeen items dveragjed 1O.8jp#,C*t,
The fricasted ivings m-thodotoqgy (FSM), which was devoloped fyom thle analysis of Olie
%ixween systems. I's a useful tool which provides an estirute of the expected savings.
(it lr tsqs, from introducing coffetition 15 well as 4an analysis of the qualitative factors
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